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Three takeaways
1. Spectral bluing occurs for particles in 
contact with each other, not just atmospheric 
molecules and aerosols 

2. We can estimate the grain sizes of these 
particles 

3. This process may explain spectral bluing on 
C and B class asteroids (e.g. 101955 Bennu) 
and may be spatially constrained using OSIRIS 
Rex.



Takeaway 1.  

Spectral bluing occurs for 

 particles in contact with 
each other,  

not just atmospheric 
molecules and aerosols



“Ray” λ-4 

“Aer” λ-1.3

-1.3 is Angstrom’s [1929] exponent, 

varies from 2 for small “fresh” smoke 

 to 0 for coarse 2 micron sand

Earthshine spectrum using Seward Observatory. 2.3m 
Ref: Woolf et al. (2002) ApJ 574 430 

Take away 1. Spectral bluing occurs for close packed particles ...                                                       Brown/ESF, 22 Jul 2015



Intuitive “Derivation” of scattering by Spherical Dipole 
Ref: van de Hulst (1957) Light scattering by small particles 

dipole moment P is an oscillating 
function of time 
second time derivative of dipole moment 

Einc is incident electric field 
Escatt is scattered electric field which 
depends on the accel. of dipole moment 
and has 1/r dependence in radiation zone 

Scattered (I) and incident (I0) intensity 
from Poynting vector in Gaussian units

Integrate the scattered intensity over a 
sphere
scattering cross section is scattered 
intensity over incident intensity

Einc 

Escatt 

Take away 1. Spectral bluing occurs for close packed particles ...                                                       Brown/ESF, 22 Jul 2015



Dipole radiation (single tuning fork analogy) 
Ref: Wikipedia Commons 

Take away 1. Spectral bluing occurs for close packed particles ...                                                       Brown/ESF, 22 Jul 2015



What happens when the dipoles are packed close together? 

Does Spectral Bluing still occur? 

Take away 1. Spectral bluing occurs for close packed particles ...                                                       Brown/ESF, 22 Jul 2015



Laboratory Spectral bluing when carbon black added to ice 
Ref: Clark et al. (2008) Icarus 193 Fig. 12b (carbon black d=0.2 microns) 

Clark et al. (2012) Icarus 218 831-860
Take away 1. Spectral bluing occurs for close packed particles ...                                                       Brown/ESF, 22 Jul 2015



Take away 2. 

 We can estimate the size of 
these particles ...



Formula for Rayleigh albedo and derivative with wavelength 
Ref: Brown (2014) Icarus, Eqns (12,15) 

Take away 2. We can estimate the size of these particles ...                                                            Brown/ESF, 22 Jul 2015



Estimate of grain size from spectral bluing 
Ref: Brown (2014) Icarus, Figure 7 

Take away 2. We can estimate the size of these particles ...                                                            Brown/ESF, 22 Jul 2015
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Effect of a size distribution on spectral bluing 
Ref: Brown (2014) Icarus, Figure 6a and b (symmetrical modified gamma size dist, 
critical size dispersion of 5, for this dist 0.2+/- 0.1 microns or std dev. of 0.1) 
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Take away 2. We can estimate the size of these particles ...                                                            Brown/ESF, 22 Jul 2015



Take Away 3. 
!

This process may explain spectral 
bluing on C and B class asteroids (e.g. 
101955 Bennu) and may be spatially 

constrained using OSIRIS Rex.
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Take away 3. This process may explain asteroid spectral bluing ...                          Brown/ESF, 22 Jul 2015

Rogues Gallery of Solar System Spectral Bluing 
Ref: Brown 2014 Icarus, Figure 8 

Average (min-max) 

inferred grain size (microns) 

Epimetheus 0.2 (0.05-0.4)

Dione 0.3 (0.1-0.5)

Moon 0.3 (0.1-0.5)

Rings/Iapetus 0.2 (0.05-0.4)

Mars 0.5 (0.3-0.8)

Holmes 0.5 (0.3-0.8)



Meteorite spectra show 
spectral bluing 
Ref: Clarke et al. (2011) Icarus 

Take away 3. This process may explain asteroid spectral bluing ...                          Brown/ESF, 22 Jul 2015



Comet Harley 2 observed by EPOXI  (see also 
LADEE UVS from Cook et al this meeting) 
Ref: A’Hearn et al. (2011) Science 

Take away 3. This process may explain asteroid spectral bluing ...                          Brown/ESF, 22 Jul 2015



101955 Bennu observations from 1999,2005 and 2012 
Refs: Clark et al. 2011, Hergenrother et al. 2013, Binzel et al. 2015 “finer grained regolith 
near equator” due to red slope from 0.8-2.3 microns 

Take away 3. This process may explain asteroid spectral bluing ...                          Brown/ESF, 22 Jul 2015



101955 Bennu has an equatorial ridge thought to be caused by YORP 
Refs: Nolan et al. 2013 used radar observations to get a shape match, current spin 4.3h period 

* Equatorial ridges are common to NEAs - grain sizes important to constrain formation mechanisms 

* The equator of rapidly spinning spheroid is lowest gravitational point and may collect fine grains 

Take away 3. This process may explain asteroid spectral bluing ...                          Brown/ESF, 22 Jul 2015



OVIRS on OSIRIS-REx - making the hypothesis testable 
Refs: www.asteroidmission.org 

Take away 3. This process may explain asteroid spectral bluing ...                          Brown/ESF, 22 Jul 2015

http://www.asteroidmission.org


Have YOU seen spectral 
bluing in your data?

Please let me know! 
Contact abrown@seti.org

Thanks to Roger Clark and Mike Kelley, NASA PGG

mailto:abrown@seti.org

